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Preface?
?
Timber?is?a?widely?used?construction?material?that?is?characterized?by?its?structural?efficiency?in?
terms?of? relatively?high? strength?? and? stiffness?to?weight? ratios?and?high? sustainability.?Two?
major? concerns? exist? on? the?material? level? however,? i.e.? the? strong? anisotropy? and? limited?
ductility,?particularly?if?subjected?to?tension.?The?anisotropy?complicates?the?joining?of?structural?
components,?which?in?most?cases?is?done?using?steel?elements?such?as?bolts?or?nails.?The? joint?
design?thus?often?governs?the?overall?design?and?results?in?an?overdesigning?of?the?components?
between?the?joints.? ?
The?approach?adopted?in?this?thesis?was?to?overcome?these?two?problems?by?developing?ductile?
adhesively?bonded? joints.?The?use?of?ductile?adhesives? improves? the?stress?state? in? the? joints,?
resulting?in?greater?joint?efficiency?compared?to?bolted?or?nailed?joints.?The?adhesive’s?ability?to?
dissipate? inelastic? energy? also? allows? system? ductility? to? be? incorporated? into? the? timber?
structure.?To?develop?such?ductile?adhesive?joints,?the?adhesive’s?viscoelastic?material?behavior?
under? large?strains?and?variable?strain?rates?and? the? inelastic?energy?dissipation?capacity?had?
first? to?be? investigated? and? characterized.?The? joint? concept?was? then?validated?by? full?scale?
experiments?and?numerical?modeling.?
I?would?like?to?acknowledge?the?support?for?this?research?project?provided?by?the?Swiss?National?
Science?Foundation?(Grant?No.?406640?136680)?and?Sika?AG,?Switzerland.?
?
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Abstract?
?
One?of?the?most?important?characteristics?of?load?bearing?structures?is?ductility,?i.e.?the?ability?
of?a?material?or?a?structure?to?sustain? inelastic?deformation?prior?to?failure,?without?loss?of?
resistance.?The? topic?of? this?PhD?Thesis?was? to?develop?ductile?adhesively?bonded? timber?
joints,?in?order?to?compensate?for?the?inherent?lack?of?ductility?of?timber.? ?
After?the?rate?dependent?true?tensile?and?compressive?properties?of?the?acrylic?adhesive?had?
been?established?(including?Poisson?ratio,?ductility?and?recovery),?two?types?of?adhesively?
bonded?timber?joints?were?experimentally?studied?in?tension?and?compression:?stiff?epoxy?and?
ductile? acrylic? joints.? The? latter? ones? exhibited? lower? stiffness? but? higher? capacity? and?
ductility,?as?explained?by?the?extracted?stresses?and?strains?too.? ?
Furthermore,?finite?element?(FE)?models,?including?these?strain?rate?dependent?properties?of?
the?acrylics,?were?developed?to?validate?all?the?experimental?results?obtained?and?study?the?
parametric?effect?of?the?different?applied?displacement?rates?on?the?acrylic? joints.?Extensive?
simulation?using?the?developed?FE?models?has?shown?their?capacity?to?accurately?predict?the?
rate?effect?on?bonded?joints??mechanical?response:?stiffness,?yield,?ductility,?ultimate?failure.?
Finally,?the?behavior?of?the?developed?bonded?joints?over?mechanical?joints?was?analytically?
compared,? based? on? Eurocode? and? the? results? confirmed? the? promising? potential? of? the?
developed?joint?concept.? ? ?
To?summarize,?if?ductile?adhesives?are?used,?it?is?possible?to?create?ductile?timber?joints,?which?
can? perform? better? compared? to? other? existing? assembling? techniques? (i.e.? mechanical?
fasteners?or?epoxy?adhesives)?and? their?complex,?rate?dependent?behavior?can?be?modeled?
with?precision?with?the?help?of?FE.?This?knowledge?can?lead?to?a?broader?and?more?efficient?
use?of?timber,?contributing?subsequently?to?achieving?more?sustainable?modern?structures.? ?
?
Keywords:?timber,?adhesive,?bonded,?joint,?ductility,?capacity,?rate?effect,?mechanical?joints?
?
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Résumé?
?
La? ductilité,? soit? la? capacité? d’un?matériau? ou? d’une? structure? à? se? déformer? de?manière?
inélastique? avant? sa? rupture? est? une? des? plus? importantes? caractéristiques? de? structures?
porteuses.?Le?sujet?de?cette?Thèse?de?Doctorat?était?de?développer?des?joints?en?bois,?collés?et?
ductiles,?afin?de?compenser?le?manque?de?ductilité?inhérent?au?bois.? ?
Une?fois?que?le?comportement?de?la?colle?à?base?d’acrylique?sous?traction?et?compression?ainsi?
que?sous?des?vitesses?de?chargement?différentes?avait?été?établi,?deux?types?des?joints?collés?
ont?été?étudiés?en?traction?et?compression:?joints?avec?époxy?(rigides)?et?acrylique?(ductiles).?
Ces?derniers?ont?présenté?une?rigidité?réduite?mais?une?capacité?et?ductilité?beaucoup?plus?
importantes,?comme?montré?par?les?contraintes?et?déformations?mesurées.? ?
En?plus,?un?modèle?aux?éléments? finis? (FE),?comprenant?ces?propriétés?dépendantes?de? la?
vitesse?de?déformation?imposée,?a?été?développé?pour?valider?tous?les?résultats?expérimentaux?
obtenus?et?pour?étudier? l’effet?paramétrique?des?différentes?vitesses?de?chargement? (mode?
déplacement)?appliqué?sur?les? joints.?Le?modèle?FE?développé?a?été?capable?d’estimer?avec?
précision? cet? effet?des?vitesses? sur? le? comportement?mécanique?des? joints?:? rigidité,? limite?
d’élasticité?(fluage),?ductilité?et?niveau?de?rupture?finale.?Enfin,?ce?comportement?composé?de?
joints?collés?a?été?comparé?avec?des?joints?par?organes?métalliques?(clous?ou?boulons),?sur?la?
base?de?l’Eurocode.?
En? résumer,? si? des? colles? adhésives? ductiles? sont? utilisées,? il? est? possible? de? créer? des?
assemblages? en? bois? ductiles,? qui? peuvent? se? comporter? mieux? que? d’autres? méthodes?
d’assemblages?existantes? (i.e.?assemblages?mécaniques)?et? leur?comportement,?complexe?et?
dépendent?de?la?vitesses?de?déformation?imposée,?peut?être?modélisé?à? l’aide?des?éléments?
finis.?Grâce?à?cette?connaissance,?une?utilisation?plus?large?et?plus?efficace?du?bois?peut?être?
atteinte,?contribuant?par?la?suite?à?la?réalisation?des?structures?modernes?plus?durables.?
?
Mots?clés:?bois,?adhésif,?collé,?joint,?assemblage,?ductilité,?capacité,?vitesse?de?déformation,?assemblages?
mécanique?
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Zusammenfassung?
?
Eine?der?wichtigsten?Eigenschaften?von?Tragwerken?ist?die?Duktilität,?das?heisst,?die?Fähigkeit?
eines? Material? oder? einer? Struktur,? sich? vor? einem? Bruch? –? ohne? Verringerung? der?
Querschnittswiderstands? ??plastisch? zu?verformen.?Das?Thema?dieser?Doktorarbeit? ist?die?
Entwicklung?von?duktilen?Klebefugen,?mit?dem?Ziel?die?mangelhafte?Duktilität?des?Baustoffs?
Holz?zu?kompensieren.?
Nachdem?das?Verhalten?von?Klebefugen?auf?Acrylbasis?unter?Zug??und?Druckbeanspruchung?
sowie?unter?verschiedenen?Belastungsgeschwindigkeiten?untersucht?worden?war,?wurden?
zwei?Typen?von?Klebefugen?untersucht:?solche?auf?Epoxid?(spröde)?sowie?auf?Acryl?(duktil)?
basierende.?Letztere?weisen?zwar?ein?geringere?Festigkeit?auf,?sind?aber?duktiler,?was?durch?
die?gemessenen?Spannungen?und?Verformungen?belegt?wird.?
Weiterhin?wurde,? um? die? Versuchsergebnisse? rechnerisch? zu? bestätigen,? ein?Modell? aus?
finiten? Elementen? entwickelt,? deren? Eigenschaften? von? der? Geschwindigkeit? der?
aufgebrachten? Verformungen? abhängen.? Das? FE?Modell? ermöglicht? den? Einfluss? der?
Belastungsgeschwindigkeit? auf? Steifigkeit,? Elastizitätsgrenze,? Kriechen,? Duktilität? und?
Bruchfestigkeit? präzise? einzuschätzen.? Weiterhin? wurde? das? vorteilhafte? Verhalten? von?
Klebefugen? im? Vergleich? zu? mechanischen? Verbindungen? durch? Nägel? oder? Schrauben?
anhand?des?Eurocodes?verglichen.?
Zusammenfassend?wird? festgestellt:?die?Verwendung?von?duktilen?Klebern?ermöglicht?die?
Schaffung? von?Holzbauverbindungen,? die? sich? besser? und? duktiler? verhalten? können? als?
mechanische?Verbindungen.? Ihr?von?der?Belastungsgeschwindigkeit?abhängiges?Verhalten?
kann?mit?Hilfe? von? finiten? Elementen?modellisiert?werden.?Dieses?Wissen? kann? zu? einer?
breiteren? und? effizienteren?Nutzung? von?Holz? führen? und? dazu? beitragen,? nachhaltigere?
moderne?Strukturen?zu?erreichen.?
?
Schlüsselwörter:? Holz,? geklebt,? Fuge,? Holzbaustoss,? Duktilität,? Verformungsgeschwindigkeit,?
metallische?Holzbaustösse,? ?
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Keywords: adhesives, acrylics, Poisson ratio, displacement rate, necking. 
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Keywords: adhesives, acrylics, ductility, recovery, strain rate, viscoelasticity. 
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Keywords: adhesively-bonded?joints, timber joints, mechanical joints, Eurocode, resistance, design,  nails, 
bolts, epoxy, acrylic?  
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Keywords: double-lap joint, timber, adhesive, joint capacity, ductility, stress peaks 
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